Introduction
============

Dry eye (DE) is a common eye disorder characterized by insufficiency of the effective tear volume, which makes the eye surface more vulnerable to damage, causing discomfort and irritation.[@b1-opth-9-2251] Tear insufficiency develops through either decreased tear production or excessive evaporation of secreted tear. Various risk factors underlie the development of DE, including advanced age, the use of a visual display terminal, wearing of contact lenses (CLs), and some diseases (allergic conjunctivitis, conjunctivochalasis, and meibomian gland dysfunction \[MGD\]). Although DE does not directly cause severe problems in general, serious complications may occur if DE is left untreated, including eye inflammation, scarring of the cornea, and visual impairment.

Mild to moderate DE is commonly treated using artificial tears or lubricating eye drops in conjunction with anti-inflammatory agents as required. Recently, a more etiology-oriented approach has been developed by the introduction of diquafosol (DQS) ophthalmic solution,[@b2-opth-9-2251]--[@b5-opth-9-2251] which promotes secretion of the tear fluid, rather than supplementing it, increases secretion of soluble mucins, and upregulates expression of membrane-associated mucins.[@b6-opth-9-2251]--[@b8-opth-9-2251] DQS is an agonist of purinergic receptor P2Y, G-protein coupled, 2 (P2Y~2~ receptor), which is a type of nucleotide receptor found on the surface of various cells, such as epithelial cells and goblet cells in the conjunctiva, that play important roles in aqueous and mucin secretion to the tear fluid.[@b9-opth-9-2251],[@b10-opth-9-2251]

Since 2010 when it was first released in Japan, the DQS ophthalmic solution has been used and proven effective for treating DE of various types, including aqueous-deficient, short tear film break-up time, and post-laser in situ keratomileusis types.[@b11-opth-9-2251] However, its use has been less extensively studied in DE patients with risk factors such as use of CLs, MGD, and conjunctivochalasis. We previously evaluated the efficacy and safety of DQS in over 3,000 DE patients in a real-world setting by a prospective, open-label, non-interventional, observational study.[@b12-opth-9-2251] In the present study, we focused on and analyzed the efficacy and safety of DQS for the treatment of DE occurring in CL wearers or in patients with MGD or conjunctivochalasis as a comorbidity.

Patients and methods
====================

Patients
--------

Of 3,196 patients analyzed in a prospective observational study of the DQS ophthalmic solution (DIQUAS^®^; Santen Pharmaceutical Co., Ltd., Osaka, Japan), 965 patients who met the Japanese criteria for DE diagnosis[@b13-opth-9-2251] and who received DQS as a monotherapy were included in this analysis. Monotherapy indicates the absence of both pretreatment and concomitant therapy for DE. In three groups with or without each risk factor, 64 patients were CL wearers, 32 had MGD, and 50 had conjunctivochalasis ([Table 1](#t1-opth-9-2251){ref-type="table"}). This study was conducted on the basis of a request from a regulatory agency in Japan. The study protocol was reviewed and approved in advance by the Pharmaceuticals and Medical Devices Agency, Japan. For this reason, no ethical review by the individual facilities participating in the study was conducted. Patient consent was not obtained as it was not deemed necessary by the Japanese regulatory agency.

Outcome assessment
------------------

Efficacy was evaluated according to subjective symptoms, objective findings, and patient-reported outcomes (PROs). Information about subjective symptoms and objective findings was obtained at baseline and 1 and 2 months after the initiation of the DQS treatment. Subjective symptoms included 12 DE-related symptoms (foreign body sensation, photophobia, itchiness, eye pain, dryness, heavy sensation, blurred vision, eye strain, eye discomfort, eye discharge, tearing, and red eye). Each symptom was scored as follows: no symptoms (0 points), mild symptoms (1 point), moderate symptoms (2 points), and severe symptoms (3 points). Objective findings included corneal and conjunctival fluorescein (FL) staining score and tear film break-up time (BUT). For corneal and conjunctival FL staining scores, the cornea was divided into the following three sections: superior, middle, and inferior; and the conjunctiva was divided into the nasal and temporal sides. Each of the five areas was scored as follows:[@b4-opth-9-2251] no staining (0 points), mild staining (1 point), moderate staining (2 points), and severe staining (3 points). BUT was the time for a dry spot to appear in the tear film after opening the eyes after normal blinking. PROs were investigated 2 months after the initiation of the DQS treatment with a five-point scale from 1 to 5 as follows: much better (1 point), better (2 points), unchanged (3 points), worse (4 points), and much worse (5 points). These were compared with PROs recorded prior to the DQS treatment. The safety of DQS treatment was assessed based on the adverse reactions occurring during the treatment period. Any adverse events for which a causal relationship with the treatment could not be ruled out were considered to be adverse reactions of DQS.

Statistical analysis
--------------------

Tabulation and analysis were performed using SAS (Version 9.2, SAS institute, Cary, NC, USA). The eye (left or right) used for determining the drug efficacy was selected according to the following rules: 1) the eye affected by the DE condition and being administered DQS was used; 2) if both eyes conformed to rule 1, the eye with the higher baseline corneal and conjunctival FL staining score was used; and 3) if an eye was ineligible according to rules 1 and 2, the right eye was used. Corneal and conjunctival FL staining scores, subjective symptoms, and BUT at baseline and after 1 and 2 months were compared using the paired *t*-test. The level of significance was set at 5% for both sides.

Results
=======

Subjective symptoms, objective findings, and PROs
-------------------------------------------------

Compared with baseline, total symptom scores and corneal and conjunctival FL staining scores significantly decreased, and BUT was significantly prolonged after 1 and 2 months, regardless of the presence or absence of any of the risk factors. Furthermore, regarding the PROs in the CL+, MGD+, and conjunctivochalasis+ groups, a majority of the patients perceived an overall improvement in their conditions (83.6%, 82.7%, and 73.5%, respectively). These were comparable with each group independent of the risk factor ([Figures 1](#f1-opth-9-2251){ref-type="fig"}[](#f2-opth-9-2251){ref-type="fig"}--[3](#f3-opth-9-2251){ref-type="fig"}).

Safety evaluation
-----------------

Adverse reactions appeared in 47 (4.9%) of the 965 patients surveyed. The main adverse reactions were eye irritation, lacrimation, and eye discharge. [Table 2](#t2-opth-9-2251){ref-type="table"} categorizes the incidence of adverse reactions by each group. There were no notable differences among CL+/−, MGD+/−, or conjunctivochalasis +/− patients. No adverse reactions were considered serious.

Discussion
==========

Use of CLs or presence of MGD or conjunctivochalasis as a comorbidity is a DE risk factor and may exacerbate DE. The present retrospective analysis demonstrated that DQS used as a monotherapy was effective for DE, regardless of the presence or absence of CL use, MGD, or conjunctivochalasis. When a CL is worn, the tear film is segmentalized and the tear meniscus height is reduced.[@b14-opth-9-2251] In addition, the CL surface is inferior to the keratoconjunctival epithelium in terms of water-retentive properties; thus, the tear film on a CL is very unstable. Moreover, use of CLs has been reported to accelerate tear film evaporation.[@b15-opth-9-2251] Thus, subjective symptoms in CL wearers, such as dryness of eyes or a foreign body sensation, probably arise from mechanisms similar to those in aqueous-deficient DE. Unlike artificial tear formulations that supplement water temporarily, DQS has been reported to promote tear secretion on a continuous basis[@b6-opth-9-2251] and increase the tear meniscus height up to over 60 minutes in CL users, following the instillation.[@b16-opth-9-2251] Taken together, the result from the present study demonstrating that DQS is also effective for CL-related DE appears reasonable, as DQS has been shown to be effective for aqueous-deficient DE.[@b17-opth-9-2251]

In the elderly, MGD is frequently encountered and has been reported to be linked to DE.[@b18-opth-9-2251],[@b19-opth-9-2251] In obstructive MGD, DE accompanied by increased tear evaporation is likely to occur because the supply of the tear film lipid layer is reduced.[@b20-opth-9-2251] DE of such type is mainly treated with supportive measures on the lid margin, such as lid hygiene and warm compress therapy, and eye-drop treatment is rarely used.[@b21-opth-9-2251] The P2Y~2~ receptor is known to be expressed in the meibomian gland,[@b22-opth-9-2251] and DQS, a P2Y~2~ receptor agonist, has been shown to increase lipid production in meibomian gland cells.[@b23-opth-9-2251] Previously, Arita et al[@b24-opth-9-2251] reported that long-term administration of DQS to DE patients with concomitant MGD leads to an increased meibomian gland area as measured by non-contact meibography. The present study demonstrated comparative improvements of subjective symptoms and objective findings of DE in patient subpopulations with and without MGD, suggesting that DQS is effective for DE accompanied by MGD. However, it was unknown how severe MGD was or whether MGD was the cause of DE in our patients. Therefore, a more thorough prospective study would be necessary to conclusively prove the effectiveness of DQS monotherapy for DE accompanied by MGD.

Conjunctivochalasis is frequently encountered in the elderly and CL wearers,[@b25-opth-9-2251],[@b26-opth-9-2251] is usually caused by an increase in conjunctival laxity and/or by high tension in the lower eyelid, and is characterized by a redundant loose conjunctiva interposed between the globe and the lower, central, and lateral parts of the eyelid. This condition is often associated with tear fluid dysfunction. Also, conjunctivochalasis frequently produces ocular irritation, dryness of eyes, foreign body sensation, and tearing in addition to other symptoms. Although surgical removal of the excess bulbar conjunctiva is known to be an effective treatment option for severe conjunctivochalasis,[@b27-opth-9-2251] deciding whether or not to use supportive eye-drop treatment for moderate to severe conjunctivochalasis is a challenge. In the present study, DQS was shown to be effective for DE even in patients with concomitant conjunctivochalasis. Previously, DQS was demonstrated to promote aqueous and soluble mucin secretion and thereby increase tear film stability.[@b6-opth-9-2251],[@b7-opth-9-2251],[@b9-opth-9-2251],[@b10-opth-9-2251] The effectiveness of DQS for DE with concomitant conjunctivochalasis found in the present study may be explained by an increased tear meniscus height resulting from the increased aqueous secretion, which can compensate for ectopic meniscuses in the flaccid conjunctiva. Moreover, increased water and mucin may contribute to reduce the friction between the eyeball and lower eyelid caused by conjunctival laxity. However, no information on conjunctivochalasis severity was available for the patients in this study, and we cannot rule out the possibility that the effectiveness was detectable because the subgroup population in this retrospective analysis comprised mainly patients with mild conjunctivochalasis. Thus, the potential dependence of DQS efficacy on conjunctivochalasis severity needs to be studied in detail to address this issue conclusively. Nevertheless, the result from the present study suggests that DQS is an effective treatment option for DE accompanied by mild conjunctivochalasis.

Regarding the safety, no adverse reactions unique to CL+, MGD+, or conjunctivochalasis+ patients were noted, suggesting that there are no additional safety concerns regarding the use of DQS in patients with these conditions.

Conclusion
==========

Although some additional studies may be necessary on possible relationships between the efficacy and severity, the results from the present study suggest that DQS can be effectively used as a monotherapy for the treatment of DE in CL users and DE accompanied by MGD or conjunctivochalasis with no known specific safety concerns.
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###### 

Subgroup population in each risk factor

  Risk factor           The number of patients with or without risk factor   
  --------------------- ---------------------------------------------------- -----
  CL                    64                                                   901
  MGD                   32                                                   933
  Conjunctivochalasis   50                                                   915

**Abbreviations:** CL, contact lens; MGD, meibomian gland dysfunction.

###### 

Incidence of adverse reactions in each subgroup

  Subgroup              Total number of patients   Incidence: number of patients (%)
  --------------------- -------------------------- -----------------------------------
  CL                                               
   With                 64                         3 (4.7)
   Without              901                        44 (4.9)
  MGD                                              
   With                 32                         2 (6.3)
   Without              933                        45 (4.8)
  Conjunctivochalasis                              
   With                 50                         4 (8.0)
   Without              915                        43 (4.7)

**Abbreviations:** CL, contact lens; MGD, meibomian gland dysfunction.
